Introduction
C hitin is an im p o rtan t polysaccharide o f anim al kingdom belonging to several phyla. It is widely distributed in n ature [1 ] .
It occurs in three form s nam ely a,ß, y-chitin [2] . /?-Chitin was first recognized by Picken [3] , and L otm ar and Picken [4] in the form o f well oriented fibres. This structure was also studied by various w orkers [5] [6] [7] [8] [9] [10] [11] .
G ard n er and Blackwell [12] p roposed the stru c ture o f yß-chitin w ith m onoclinic unit cell o f dim en sions a = 4.85 Ä, b = 9.26 Ä, c = 10.38 Ä (fibre re peat), y = 97.5° and space group P 2 ,. Z ugenm aier et al. [25] identified the fibrils o f /?-chitin from T halassiosira fluviatilis by using electron diffractom etry and considered to be orf/zo-rhombic un it cell w ith dim ensions a = 4.82 Ä, b = 36.7 A, and c (fibre axis) = 10.33 Ä.
The present w ork describes: 1. D eterm ination o f coordinates representing the stan d ard configuration o f glucopyranose ring [13] and its peptide chain [14] in the u n it cell and determ ination o f various positions o f 0 6 atom . 2. C alculations o f structure factors [15] . 3. C alculations o f R -value [16] [17] [18] a n d 0 -v a lu e [17] [18] after p aram eter variations. 4. R efinem ent by least square [17] m ethod.
5. R efinem ent o f the general position o f the struc ture w ith the help o f difference fourier synthesis m ethod [19] .
M ethods and C alculations
C o o rdinates representing standard bond lengths and bond angles for glucopyranose ring [13] , p ep tide group [16] and 0 6 atom were determ ined in the unit cell for the structure proposed by G ard n er and Blackwell [12] . The detailed m athem atical derivations involved in this procedure are given elsewhere [20] . The coordinates determ ined are called R -B system.
The follow ing param eters were applied to the R -B m odel. P, = R o ta tio n o f 0 6 atom ab o u t C 5 -C 6 bond (0 '). P 2 = Shift o f m olecular chain along its length. P 3 = R o ta tio n o f peptide group a b o u t an axis th ro u g h C 2 parallel to OX. P 4 = R o ta tio n o f C 5 -C 6\ 0 6 group a b o u t an axis th ro u g h C 5 parallel to OX. P 5 = R o tatio n o f C 5 -C 6\ 0 6 group a b o u t an axis th ro u g h C 5 parallel to OY. P6 = R o ta tio n o f m olecular chain a b o u t O, -0 4. P 7 = Isotropic tem p, factor.
R-[1 6 -1 8 ] and 0 -values [17] [18] were cal culated after each param eter variations. P 8 = Scaling factor.
The param eters P,, P2, P3, P4, P 5, P6 and P7 were adjusted by trial and e rro r m ethod to reduce the discrepancies betw een observed and calculated stru ctu re factors. The observed values o f the co m posite reflections were divided in p ro p o rtio n ac cording to the calculated values. If | F c | 2 represents the calculated structure factor for the ith reflection o f the g ro u p containing I' reflections, IG represents the observed intensity, then the intensity according to the calculated structure factors can be given by |FC I?-I0/2,.|FC |?
O bserved structure factors ( V T j were taken from the d a ta reported by G a rd n e r and Blackwell [12] . T he unit cell used in this w ork is m onoclinic w ith dim ensions a = 4.85 Ä, b = 10.38 Ä (fibre axis), c = 9.26 Ä and ß = 97.5°; the space gro u p is P 2 t (Blackwell [10] ). The rate o f change o f stru c ture factors w ith respect to p aram eters were calcu lated.
In the least square refinem ent the scaling factors can only by applied to the calculated stru cture fac tors. R- [16-1 8 ] and 0 -v alu es [1 7 -1 8 ] were calcu lated after each cycle.
T he q u an tity to be m inim ized can be given by [18] A scaling factor was applied to F 0's to m ake Z |F 0| = E |F C|.
T he structure factors were calculated using the R -B coordinates. T he sign o f observed structure factors were taken to be the sam e as th at o f the corresponding calculated structure factors. The difference synthesis m aps were calculated at an in terval o f 1/20 in the X-axis and at an interval o f 1 /40 in Z-axis direction.
R esults
T he values o f the param eters from trial and er ro r m ethod were tak e n to initiate the calculations. A fter tw o cycles these values were used in the next four param eter program . It was noted th at one o f the param eter P4 gave large value. It was decided to take the P4 = O and recycle it. The following cases were considered for the refinem ent:
C ase I: In this case 4 param eters P,, P3, P 6 and P 8 were adjusted. T he 0 -v alu e was reduced at each step an d the p aram eters P,, P3, P6 and P8 were c o r rected. A fter 8 th cycle 0 -v alu e was found to be 34.525.
T he values o f the param eters and respective R-[1 6 -18] and 0 -v alu es [17] [18] are given in Table I .
Case II: W ith initial param eters taken from the results o f case I (T able I), the residue was adjusted by v ariatio n o f the param eter P 3, P4, P 5, P 7 and P8. T he results are given in Table II. T he R -v alue was reduced from 0.277 (recalcu lated value for G a rd n e r and Blackwell [12] to 0.234 after 21st cycle (Table II) .
Figs. 1 and 2 show A q plots for 9th and 21st cy cle, respectively.
T he values o f the param eters for 9th and 21st cycle are given in Table II Z = 9/40). A tom s N and C 6 lie near the negative peak. A tom s 0 5, O, and C 8 are n ear the zero c o n tour, while the atom 0 6 is on the zero contour. Fig. 2 represents A q m ap after 21st cycle (Case II). The m ap indicates a negative peak at (X = 3/20, Z = 13/40) and the positive peak at (X = 12/20, Z = 9/40).
D iscussion
The first object in the present calculations is to add inform ations on the stru ctu re o f /?-chitin. G a rd n e r and Blackwell [12] refined the stru ctu re using geom etrical and tem perature param eters. In teratom ic distances and bond angles are listed in T able III and IV, respectively, where the in tra m olecular values have also been recalculated for the unit cell dim ensions and atom ic param eters o f G a rd n e r and Blackwell [12] . The bond length cal culated from reported coordinates o f G a rd n e r and Blackwell [12] is 1.78 A (Table III) which is too long for C -N bond.
Sim ilary the C , -C 2-N angle has been reduced to (T able IV) 93.46° a value which is far beyond the perm issible limits (109°). There are also p o o r agreem ents for the following planes for the struc ture reported by G a rd n e r and Blackwell [12] therm o re the structure proposed by G a rd n e r and Blackwell [12] does not represent the standard configuration o f glucopyranose ring and side chains. T herefore the structure o f /?-chitin p ro posed by these w orkers requires reexam ination. T he co ordinates representing stan d ard co nfigura tion o f glucopyranose ring and side chains have been redeterm ined in the unit cell o f G a rd n e r and Blackwell [12] and in the position described by them .
N . A k h ta r -M . A. H aleem • S tructure o f /7-Chitin
The R -value reported by G a rd n er and Blackwell [12] is 0.267 (this value is also confirm ed in the present w ork) using three geom etrical param eters, scaling and tem perature factor. In this w ork five geom etrical param eters (P,, P3, P4, P5, P6), scaling factor (P 8) and tem perature factor (P7) were used to refine the structure. T he R -value is reduced to 0.236 in 8 cycles (from R -B m odel) using the p a ram eters P,, P3, P6, P8. F u rth er refinem ent using the param eters P 3, P4, P 5, P 7, P8 gives an Ä-value o f 0.234 in 21 cycles (Table II) . A t this stage one p a ram eter P4 gives large change in angle which may be unacceptable. This value is 5.353° after 21st cy cle (T able II). The p aram eter P4 i.e. rotation o f C 5-C 6\ 0 6 group a b o u t an axis through C 5 paral lel to ox also gave large value in the a-chitin struc ture proposed by H aleem and P arker [21] . These w orkers adjusted the p aram eter by taking the value after 63 cycle. The value is 0.53° after 9th cycle. The angle C 5 -C 6 -0 6 in /?-chitin is 111.99° which is acceptable. (In 6 -ketose m onohydrate [22] it is 113.0°.)
The difference synthesis m aps after 9th and 21st cycles are given in (Fig. 1 and 2) . The peak at the m ain sugar residue ( Fig. 1 and 2) is reduced signifi cantly. It is interesting to note th at the atom s O s, O ,, C 8 lie near zero co n to u r (Fig. 1) . H ow ever the nitrogen ato m lies near the negative peak o f -1.01 A e electrons. Bond distances and angles for 9th cycle are given in T able III and IV.
A com parison o f b o th structures and as ob tained in this w ork indicates th a t the atom s o f the peptide u n it in the structure proposed by G ardner and Blackwell [12] do n o t lie in one plane (Fig. 3) . In the present w ork the atom s lie in one plane. The recalculated value o f the angle C 2~N -C 7 is small in the structure o f G a rd n e r and Blackwell [12] (T a ble IV). T he value is norm al in the present struc ture (Table IV) .
Projection o f N -acetyl-D -glucosam ine unit as determ ined by G a rd n er an d Blackwell [12] and as o btained in the present w ork after 9th cycle is given in Fig. 3 . The N -H -0 7 and 0 6 • •H--0 7 hydrogen b o n d lengths are 2.76 Ä and 2.89 Ä, re spectively, in the structure proposed by G ardner and Blackwell [12] . The N -H • • • 0 7 hydrogen bond length an d the internal hydrogen bond 0 3-H -0 5 are found to be 2.71 Ä and 2.74 Ä, respectively. This kind o f intram olecular hydrogen bond is not observed in xylan series due to substitution o f an Fig. 3 . 100 projection of /?-chitin as deter mined by Gardner and Blackwell [12] (shown as dotted lines) and as obtained in the present work after 9th cycle (shown as continuous lines).
equatorial hydrogen at the C 5 position o f the sugar ring by C H 2O H [23, 24] , The 0 5 -0 6 co n tact is 2.76 Ä (the 0 5 -0 6 co n tact is 2.8 Ä in the stru c ture o f G ard n er and Blackwell [12] ). T he present calculations suggest th a t an intrasheet 0 6 -H -0 7 hydrogen bond can n o t be form ed in the present structure. The co n tact distance is 3.55 Ä ( 0 6 -H -0 7). H ow ever present calculations sug gest th a t the intrasheet 0 6 -H -0 7 hydrogen bond can be form ed by ro tatin g the p la n a r am ide group thro u g h additio n al angle o f 4 -8° aw ay from the initial position o f the peptide an d fu rth er ro tatio n o f 0 6 ato m a b o u t the b ond C 5 -C 6. This reorientation will lead to com pletely unacceptable structure on stereochem ical g rounds as obtain ed by G ard n er and Blackwell [12] .
The /?-value for the structure after 9th cycle is 0.235 (Table II) (residue A) is found to be 2.83 w hich is unaccepta ble. In ord er to avoid this co ntact peptide unit was ro ta te d a b o u t C 2 parallel to OX and the 0 6 atom was ro ta ted a b o u t the C 5 -C 6 bond. A n angle o f P3 = -4° and P, = 241° were found to be satisfac tory to avoid the contact between 0 6 atom (residue A) an d C H 3 group (residue D). A t this stage R -value rem ains same and 0 -v alu e was found to be 37.605. Fig. 4 a, 4 b, shows different projections o f the 9th cycle after readjustm ent o f peptide unit and 0 6 atom . This structure contains no other interm olecular co n tact o f less th an 3 Ä. The present calcu Fig. 4a . 100 projection of/?-chitin after readjustment of parameters (P, and P3). (residue C) and 0 6 (residue A) can n o t be form ed. The bond was form ed by G a rd n e r and Blackwell [1 2 ] by distorting the bond angle which is u n ac ceptable on stereochem ical grounds. The present calculations suggest th at either 0 6-H group m ight form intrasheet H -bond w ith O s atom or w ater m olecule m ight be involved in H -bonding with 0 6-H group even in the dry state. T herefore fur th er detailed w ork will be required involving p o tential energy calculations, obtaining oriented spe cim en o f p o g o n o p h o re or d iatom chitin for infra red w ork.
